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The peripheral edge of a semiconductor-on -insulator wafer is trimmed by forming a preferentially etchable masking layer over all but 
the edge margin of the surface of the semiconductor layer and selectively etching the semiconductor layer, preferably without etching either 
the masking layer or the insulating layer. The thickness, thickness variation, surface roughness and surface defects of the semiconductor layer 
approximate, before edge-trimming, the same characteristics of a wafer in its final, finished form which is suitable for device fabrication. As 
applied to bonded semiconductor-on-insulator wafers, the process removes lamination defects located between the semiconductor layer and 
the insulating layer. The edge-trimmed semiconductor-on-insulator wafer resulting from the method of the present invention is characterized 
by a semiconductor layer having a sharp peripheral edge. Bonded semiconductor-on-insulator wafers are further characterized by a lack of 
peripheral lamination defects. 
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SELECTIVE -ETCH EDGE TRIMMING PROCESS FOR 
MANUFACTURING SEMICONDUCTOR -ON- INSULATOR WAFERS 

BACKGROUND OF THE INVENTION 
5 The present invention generally relates to the 

manufacture of semiconductor-on- insulator wafers, and 
specifically, to a process for trimming the peripheral 
edge of such wafers. The invention also relates to 
semiconductor-on- insulator wafers having an edge- trimmed 

10 semiconductor layer. 

Semiconductor-on- insulator (SOI) wafers typically 
comprise, in succession, a handle or substrate layer, an 
insulating layer, and a semiconductor layer. Such wafers 
are manufactured by several techniques known in the art, 

15 including primarily implanted oxygen (SIMOX) methods and 
direct bonding methods. Japanese Kokoku Patent No. 62- 
34716 discloses another method involving localized growth 
of the semiconductor layer from a single crystal 
projection extended through the oxide layer. 

20 The peripheral edges of semiconductor-on- insulator 

wafers are trimmed to make them cosmetically acceptable 
and functionally compatible with subsequent integrated 
circuit fabrication steps. Edge trimming is particularly 
important for bonded semiconductor-on- insulator wafers 

25 that have lamination defects near their peripheral edge, 
as such defects can cause the edge to flake and become 
jagged. Particles from flaking edges can break off 
during subsequent fabrication steps and cause deleterious 
consequences such as abrading or gouging the surface 

30 during polishing steps, adhering to and masking portions 
of the semiconductor surface during etching steps, 
contaminating cleaning baths and other wafers therein, 
and creating reference inaccuracies in lithographic 
patterning and handling steps. 
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The peripheral edge of the semiconductor layer is 
typically removed, before the semiconductor layer is 
finished in terms of thickness, thickness variation and 
surface roughness, by abrading, grinding, and/or etching 
5 and is usually left at an angle or contour which 

minimizes the trapping of particles during subsequent 
exposure to a polishing slurry. For example, Japanese 
Patent Application No. 07-045485 discloses edge trimming 
a bonded wafer by abrading with a diamond grinding tool 

10 and/or by etching. U.S. Patent No. 5,340,435 to Ito et 
al . discloses rough grinding the surface of the 
semiconductor layer and etching the periphery of the 
ground surface . 

Such edge trimming processes which employ only 

15 grinding methods, however, typically do not fully 
preserve the integrity of the insulating layer 
immediately adjacent the peripheral edge of the trimmed 
semiconductor layer . The insulating layer which 
underlies the peripheral edge of the semiconductor layer 

20 is generally at least partially removed therewith to 

ensure complete removal of the semiconductor layer about 
its edge. As a result, at least part of the peripheral 
edge of the insulating layer is flush with the peripheral 
edge of the trimmed semiconductor layer. This becomes 

25 problematic during device fabrication steps where the 

wafers are subjected to conditions which would etch the 
exposed peripheral edge of the insulatiii^ layer, and 
thereby undercut the semiconductor layer. 

Prior art edge-trimming processes which employ 

3 0 grinding and etching also suffer from certain 

disadvantages. Typically, the grinding step leaves a 
coarse, rough surface on the semiconductor. When this 
surface is etched, the etchant may nonuniformly break 
through the semiconductor layer, thereby exposing the 

3 5 underlying oxide layer to the etchant for varying periods 
of time and causing irregularities in the exposed surface 
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of the underlying oxide. Hence, the risk of localized 
break-through to the underlying substrate layer is 
heightened. Moreover, where the edge- trimming process 
exposes a portion of the underlying substrate layer, 
5 either by grinding or by break-through etching, 

subsequent fabrication steps may stain the exposed 
portion and produce a wafer which is at least 
cosmetically less desirable. 

Where the semiconductor layer is finished after the 

10 edge is trimmed, the semiconductor surface has a 

periphery which is excessively rounded, tapered or 
beveled, as shown in Figures 11(a) through 11(c). Such a 
tapered-edge leads to reference inaccuracies in 
lithographic patterning and handling steps. 

15 Additionally, the area of the semiconductor surface 

suitable for device fabrication is decreased. Moreover, 
the edge profile must typically be angled or contoured to 
reduce the accumulation of particulate buildup during 
polishing. 

20 Further, edge trimming processes known in the art 

are not suited to a semiconductor-on- insulator wafer 
having a polished semiconductor surface. Abrasive edge 
trimming methods employ organic masks such as teflon, 
polyethylene, waxes or high-molecular weight organic 

25 films to protect the exposed semiconductor surface while 
the edge is abraded, and etching methods employ such 
masks to block the area of the semiconductor surface not 
being etched. These conventional masks may contaminatie 
the surface of the semiconductor layer with organic 

3 0 residues. 



SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 
to provide an edge trimming process in which the areas 
trimmed and areas excluded from being trimmed are readily 
35 controllable, the substrate wafer is not trimmed, abraded 
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or altered, and the integrity of the insulating layer 
immediately adjacent the peripheral edge of the 
semiconductor layer is preserved. It is also an object 
of the invention to provide a process which is less 
5 sensitive to variations in the thickness of the 

insulating or semiconductor layers between different 
wafers and which is suitable for batch processing and for 
use on semiconductor-on- insulator wafers having a 
polished or etched semiconductor surface. A further 

10 object of the invention is to provide a semiconductor-on- 
insulator wafer having an underlying insulating layer 
adjacent to the peripheral edge of the semiconductor 
layer, having a polished surface free of contaminants, 
having a surface which is not tapered, beveled or rounded 

15 at its peripheral edge and being free from polishing 

slurry without additional process steps to contour the 
edge profile. 

Briefly, therefore, the present invention is 
directed to a process for trimming the peripheral edge of 

20 a semiconductor-on- insulator wafer having, in succession, 
a substrate layer, an insulating layer and a 
semiconductor layer which has a first surface adjacent 
the insulating layer and a second surface parallel to and 
opposing the first surface. The process comprises 

25 forming a masking layer on the second surface of the 

semiconductor layer wherein the second surface has a RMS 
surface roughness of less than about 1 tim c._r an area of 
about or less than 625 nm 2 . The masking layer covers all 
of the second surface except for an edge margin thereof . 

30 The uncovered peripheral portion of the semiconductor 

layer is etched without substantially etching the masking 
layer. 

In another embodiment, the process comprises forming 
a masking layer on the second surface of the 
35 semiconductor layer, the masking layer covering all of 

the second surface except for an edge margin thereof and 
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etching the semiconductor layer to remove the uncovered 
portion of the semiconductor layer without substantially 
etching the masking layer. After etching, the masking 
layer is removed from the second surface of the 
5 semiconductor layer and the thickness of the 

semiconductor layer is reduced by about or less than 
about 1 /zm. 

In an additional embodiment of the process, a 
masking layer is formed over the entire second surface of 

10 the semiconductor layer and a protective film is 

deposited over the masking layer. A peripheral portion 
of the film is removed to expose a peripheral portion of 
the underlying masking layer, which, in turn, overlies 
the edge margin of the semiconductor layer. The exposed 

15 peripheral portion of the masking layer is then etched 
with an etchant that preferentially etches the masking 
layer over the semiconductor layer to remove the 
peripheral portion of the masking layer and thereby 
expose the edge margin of the semiconductor layer. The 

2 0 uncovered portion of the semiconductor layer is then 

etched without substantially etching the masking layer 
and without substantially etching the insulating layer. 

In a further embodiment of the process, the 
semiconductor layer has a thickness of less than about 50 

25 fim and the second surface of the semiconductor layer has 
a RMS surface roughness of less than about 1 /zm per an 
area of about 625 /im 2 . A masking layer is formed over the 
entire second surface of the semiconductor layer and a 
protective film is deposited over the masking layer. A 

30 peripheral portion of the protective film is then removed 
to expose a peripheral portion of the underlying masking 
layer, the exposed peripheral portion including the area 
of the masking layer which overlies the edge margin of 
the semiconductor layer. The exposed peripheral portion 

3 5 of the masking layer is etched with an etchant which 
— preferentially etches the masking layer over the 
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semiconductor layer to remove the peripheral portion of 
the masking layer and to thereby expose the edge margin 
of the semiconductor layer. The semiconductor layer is 
then etched to remove the uncovered portion of the 
5 semiconductor layer without substantially etching the 
masking layer. After etching the semiconductor layer, 
the masking layer is removed from the second surface of 
the semiconductor layer and thereafter, the thickness of 
the semiconductor layer is reduced by less than about 1 
10 /xm. 

The invention is further directed to a 
semi conductor-on- insulator wafer comprising a substrate 
layer having a first surface and a second surface 
parallel to and opposing the first surface, an insulating 

15 layer having a first surface adjacent the second surface 
of the substrate layer and a second surface parallel to 
and opposing the first surface, and a semiconductor layer 
having a first surface adjacent the second surface of the 
insulating layer, a second surface parallel to and 

20 opposing the first surface and a mean thickness. The 

second surface of the semiconductor layer has a radius, 
r 2 , overlying a corresponding radius on the first surface 
of the semiconduct or layer, 1*1/ and the difference in 
radii, r L - r 2 , is less than about ten times the mean 

25 thickness of the semiconductor layer. 

The invention is also directed to a bonded 
semiconductor-on- insulator wafer comprising a substrate 
layer having a first surface and a second surface 
parallel to and opposing the first surface, an insulating 

30 layer having a first surface adjacent to the second 
surface of the substrate layer and a second surface 
parallel to and opposing the first surface, and a 
semiconductor layer having a first surface adjacent the 
second surface of the insulating layer, a second surface 

35 parallel to and opposing the first surface and a mean 

thickness. The first surface of the semiconductor layer 
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has a radius, r 1 and a characterizing radius, r c , which is 
equal to r, less a distance of about ten times the mean 
thickness of the semiconductor layer. The thickness of 
the semiconductor layer measured at its characterizing 
5 radius, r c/ is about equal to the mean thickness of the 
semiconductor layer . 

The invention is directed, moreover, to a 
semiconductor on insulator wafer comprising a substrate 
layer having a first surface and a second surface 

10 parallel to and opposing the first surface, an insulating 
layer having a first surface adjacent the second surface 
of the substrate layer and a second surface parallel to 
and opposing the first surface, and a semiconductor layer 
having a first surface adjacent the second surface of the 

15 insulating layer, a second surface parallel to and 

opposing the first surface and a mean thickness ranging 
from about 100 A to about 50 jzm with a maximum total 
thickness variation of less than about 15% of the mean 
thickness of the semiconductor layer. The second surface 

20 of the semiconductor layer has a radius, r 2 , overlying a 
corresponding radius on the first surface of the 
semiconductor layer, r 1# which also has a characterizing 
radius, r c , defined as r x less a distance of about ten 
times the mean thickness of the semiconductor layer. The 

2 5 difference in radii, r x - r 2# is less than about ten times 
the mean thickness of the semiconductor layer, and the 
thickness of the semiconductor layer measured at its 
characterizing radius, r c , is about equal to the mean 
thickness of the semiconductor layer. The entire first 

30 surface of the semiconductor layer is generally uniformly 
bonded to the second surface of the insulating layer, and 
the bond formed between the semiconductor layer and the 
insulating layer is characterized by a lack of peripheral 
lamination defects. 
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Other objects and features of the present invention 
will be in part apparent to those skilled in the art and 
in part pointed out hereinafter. 



BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figs. 1(a) and 1(b) are perspective and schematic 

cross -sectional views, respectively, of an untrimmed 
semiconductor-on- insulator wafer. 

Fig. 2 is a schematic cross-sectional view of an 
untrimmed semiconductor-on- insulator wafer having 
10 intermediate layers. 

Figs. 3(a) through 3(e) are views of a 
semiconductor-on-insulator wafer at various stages of the 
edge- trimming process of the present invention. Figs. 
3(a), 3(c) and 3(d) are schematic cross-sectional views. 
15 Fig. 3(b) is a top plan view. Fig. 3(e) is a perspective 
view of a trimmed semiconductor-on-insulator wafer. 

Figs. 4(a) through 4(d) are schematic cross- 
sectional views of a semiconductor-on-insulator wafer at 
various stages of a method for forming a masking layer 
20 over all but the edge margin of the surface of the 
semiconductor layer . 

Figs. 5(a) and 5(b) are schematic cross-sectional 
views of a semiconductor-on-insulator wafer at various 
stages of another method for forming a masking layer over 

2 5 all but the edge margin of the surface of the 

semiconductor layer. 

Figs. 6(a) through 6(d) are schematic cross- 
sectional views of semiconductor-on-insulator wafers 
differing in the extent to which the insulating layer 

3 0 covers the substrate layer. 

Fig. 7 is a schematic cross-sectional view of a 
trimmed semiconductor-on-insulator wafer showing the area 
enlarged in Fig. 8. 
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Figs. 8(a) through 8(c) are enlarged schematic 
cross-sectional views of the peripheral edge of the 
trimmed semiconductor layer shown in Fig. 7. 

Figs. 9(a) and 9(b) are cut-away schematic cross- 
5 sectional views of the right half of the trimmed 
semiconductor-on- insulator wafer shown in Fig. 7. 

Fig. 10 is a graph showing the edge profile of a 
trimmed semiconductor-on- insulator wafer. 

Figs. 11(a) through 11(c) are enlarged schematic 
10 cross -sectional views of the peripheral edge of a 

semiconductor-on- insulator wafer edge- trimmed according 
to prior art methods. 



DETAILED DESCRIPTION OF THE INVENTION 
In the present invention, the peripheral edge of a 

15 semiconductor-on- insulator wafer is trimmed by forming a 
differentially etchable masking layer over all but the 
edge margin of the surface of the semiconductor layer and 
selectively etching the peripheral portion of the 
semiconductor layer without removing the insulating 

20 layer. The process may be applied to a bonded 

semiconductor-on- insulator wafer to remove lamination 
defects located between the semiconductor layer and the 
insulating layer. 

Advantageously, the semiconductor-on- insulator wafer 

25 is close to being in its finished state before being 
edge -trimmed. That is, the thickness, thickness 
variation, surface roughness and surface defects of the 
semiconductor layer approximate, before edge-trimming, 
the same characteristics of a wafer in its final, 

3 0 finished form which is suitable for device fabrication. 
Specifically, before edge- trimming according to the 
present invention, the thickness of the semiconductor 
layer has been reduced to less than about 50 /zm and the 
total thickness variation of the untrimmed semiconductor 

3 5 layer is less than about 1 /zm. The surface of the 
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untrimmed semiconductor layer has been etched or polished 
and has a surface roughness which is less than that of a 
typical ground surface. Preferably, the semiconductor 
layer has a root -mean- square (RMS) surface roughness of 
5 less than about 1 /im per an area of about 625 jzm 2 and most 
preferably less than about 1 /xm over an area of about 400 
/xm 2 . 

Because of the relative smoothness of the surface 
being etched as compared to ground surfaces, the etching 

10 of the periphery proceeds uniformly such that the 

underlying insulating layer, which acts as an etch stop, 
is not subject to local variation in the extent to which 
it is exposed to the etchant. A similar advantage 
results from having a small thickness variation. 

15 Together, the result is a more uniform insulating layer 
outside the periphery of the edge- trimmed semiconductor 
layer and a marked decrease in the likelihood of 
breakthrough during etching. 

A further advantage arising out of the 

20 aforementioned characteristics of the semiconductor layer 
is that only minimal additional polishing is required 
after edge- trimming to create a finished wafer which is 
ready for device fabrication. As a result, the edge- 
trimmed semiconductor-on- insulator wafer is characterized 

25 by its semiconductor layer being free from tapering, 
beveling and/or rounding near its periphery. The 
resulting sharp-edged semiconductor layer improves t*i^ 
accuracy of lithographic patterning and handling by 
providing a more representative reference edge, and also 

30 maximizes the surface area available for device 

fabrication. Bonded semiconductor-on- insulator wafers 
are further characterized by a lack of peripheral 
lamination defects. 

The invention is described in further detail below 

35 with reference to the figures, in which like items are 
numbered the same in the several figures. 
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Referring to Figs. 1(a) and 1(b), an untrimmed 
semiconductor-on- insulator wafer 2 comprises, in 
succession, a substrate layer 10, an insulating layer 20 
and a semiconductor layer 30. In an alternative 
5 embodiment shown in Fig. 2, the semiconductor-on- 
insulator wafer 2 may also comprise one or more 
intermediate layers 40, 42, situated between the 
insulating layer 20 and the semiconductor layer 30. 

The substrate layer 10 has first and second parallel 

10 and opposing surfaces 11, 12 and a generally circular 

peripheral side 14 . The peripheral side may include an 
orientation flat, notch or other means for identifying 
wafer orientation. The substrate layer 10 may be any 
material suitable for support and handling, including, 

15 for example, a semiconductor material such as silicon, a 
compound semiconductor material, polycrystalline silicon, 
glass materials such as fused quartz and ceramic 
materials such as alumina, aluminum oxide or silicon 
nitride. The conductivity type and resistivity are not 

2 0 critical. The substrate layer 10 may be patterned or 
unpatterned and may be of any desired thickness. 
Although thickness control is not critical for practicing 
the present invention, a uniform thickness is generally 
desirable for handling during device fabrication steps. 

25 The total thickness variation of the substrate layer is 
preferably less than about 10 /xm. 

The insulating layer 20 has a first surface 21 
adjacent the second surface 12 of the substrate layer 10 
and a second surface 22 parallel to and opposing the 

30 first surface 21. The insulating layer also has a 
peripheral side 24. The insulating layer 20 is 
preferably silicon dioxide, silicon nitride or 
combinations thereof, and most preferably a thermally 
grown silicon dioxide. The thickness of the insulating 

35 layer 20 is not critical but it preferably ranges from 

about 5 A (0.5 nm) to about 5 mm. Thickness control of 
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the insulating layer is likewise not critical for 
practicing the present invention, but total thickness 
variation is preferably less than about 10 /zm. 

The semiconductor layer 30 has a first surface 31 
5 adjacent the second surface 22 of the insulating layer 
20, a second surface 32 parallel to and opposing the 
first surface 31, and a peripheral side 34. The second 
surface 32 has an edge margin 36. The semiconductor 
layer 3 0 may be any type of semiconductor material, 

10 compound semiconductor material or doped semiconductor 

material. Silicon is a preferred semiconductor material. 
The semiconductor layer has a mean thickness which is 
equal to the mean perpendicular linear distance between 
the second surface 32 and the first surface 31 of the 

15 semiconductor layer. The thickness of the semiconductor 
layer 30 preferably ranges from about 100 angstroms (10 
nm) to about 50 /im and is preferably within about 1 /im of 
its final thickness before edge-trimming according to the 
present invention, such that after edge- trimming, the 

2 0 semiconductor layer 3 0 preferably requires a reduction in 
its thickness of less than about 1 /im. The reduction in 
thickness after edge- trimming is more preferably less 
than about 0.5 /im (5000 A) and most preferably less than 
about 0.3 /im (3000 A) . The total thickness variation of 

2 5 the semiconductor layer 30 is preferably less than about 

5 /im, more preferably less than about 2 /im and most 
preferably less than about 1 /zm. In terms of mean 
thickness, the total thickness variation is preferably 
less than about 15% of the mean thickness. 

3 0 The second surface 32 may have an etched or polished 

finish prior to the edge trimming process of the present 
invention and is preferably polished to a specular gloss 
finish. The second surface 32 should be free from 
crystallographic defects such as surface dislocations 
3 5 which typically result from conventional grinding 

processes. The microroughness of the second surface 32 
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should have a smaller short-range variation and be less 
rough than conventionally ground surfaces. Specifically, 
the second surface 32 should have, prior to being edge- 
trimmed, a RMS surface roughness of less than about 1 fim 
5 over an area of about 625 /zm 2 . The surface roughness of 
the second surface 32 is more preferably less than about 
0.5 /zm, even more preferably less than about 1 nm and 
most preferably less than about 1 A (0.1 nm) over such an 
area . 

10 When the semiconductor-on-insulator wafer 2 includes 

intermediate layers 40, 42, the first surface 31 of the 
semiconductor layer 30 is adjacent the intermediate layer 
42. The intermediate layers 40, 42 may be metallic 
materials, refractory metal silicides, other 

15 semiconductor materials, compound semiconductor 

materials, polycrystalline silicon, doped silicon or 
ceramic materials such as sapphire or silicon carbide. 

In one embodiment, the semiconductor-on-insulator 
wafer 2 is a bonded semiconductor-on-insulator wafer in 

20 which a silicon dioxide insulating layer 20 is formed 

over the second surface 12 of the substrate layer 10, by 
thermal growth for example, and in which the first 
surface 31 of the semiconductor layer 30 is bonded to the 
second surface 22 of the insulating layer. Lamination 

25 defects located around the periphery of the bond formed 
between the insulating layer 20 and the semiconductor 
layer 3 0 may occur due to irregularities in the shape of 
the unbonded layers near their periphery, defects caused 
by handling the unbonded layers or impurities being swept 

30 to the edge during the bonding process. 

Referring to Figure 3 (a) , a masking layer 50 is 
formed on the second surface 3 2 of the semiconductor 
layer 30. The masking layer 50 is preferably a material 
which is capable of being etched at an etch rate which 

35 differs from the etch rate of the semiconductor layer 30, 
preferably by a" factor of at least 100. For example, 
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when it is desired to remove the semiconductor layer 3 0 
preferentially to the masking layer 50, the etch rate of 
the semiconductor layer 30 is preferably at least 100 
times greater than the etch rate of the masking layer. 
5 Conversely, if it is desired to leave the semiconductor 
layer 3 0 while preferentially removing the masking layer 
50, the etch rate of the semiconductor layer 30 is 
preferably at least about 100 times less than the etch 
rate of the masking layer. Suitable materials for the 

10 masking layer 50 include silicon dioxide, silicon 
nitride, silicides, molybdenum, aluminum, or etch- 
resistant organic masking materials. Materials which 
would leave a residue on the second surface 3 2 of the 
semiconductor layer 3 0 and which would require polishing 

15 or further process steps to remove are less preferred. 

Silicon dioxide is a preferred material for the masking 
layer 50. 

Silicon dioxide and silicon nitride masking layers 
50 are formed on the second surface 32 of the 

20 semiconductor layer 30 by techniques known in the art, 
including thermal growth, evaporation, chemical vapor 
deposition and plasma enhanced deposition. Silicon 
dioxide is preferably formed on the masking layer 50 by 
thermal growth processes. Silicides are formed on the 

25 semiconductor layer 30 by chemical vapor deposition or by 
thermal treatment of deposited metals. Metals such as 
molybdenum and aluminum are formed on the semiconductor 
layer 30 by vapor deposition or evaporation methods. The 
thickness of the masking layer 50 formed on the 

3 0 semiconductor layer 3 0 ranges from about 10 angstroms (1 
nm) to about 1000 angstroms (100 nm) , depending on the 
thickness of the semiconductor layer and on the 
difference in the etch rate of the masking layer versus 
that of the semiconductor layer. A 50 A (5 nm) thick Si0 2 

35 masking layer is appropriate for use over a 2000 A (0.2 
jim) thick silicon layer, whereas relatively thicker 
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layers, such as a 400 A (40 nm) thick Si0 2 masking layer, 
may be appropriate over a 4.5 (im thick silicon layer. 
The masking layer 50 is preferably free from pinhole 
defects which would reduce its effectiveness as a mask. 
5 The masking layer is also preferably free of other 

defects such as edge variation, edge crown, delamination 
or particulates which would limit its use in defining a 
smooth edge . 

The masking layer 50 covers all of the second 

10 surface 32 of the semiconductor layer 3 0 except for the 
edge margin 36 thereof. As shown in Fig. 3(b), the 
width, w, of the uncovered edge margin 3 6 defines the 
peripheral portion of the semiconductor layer 3 0 to be 
removed and ranges from about 0.5 mm to about 10 mm. For 

15 bonded wafers, the width of the edge margin should be 

sufficient to ensure that peripheral lamination defects 
are removed during subsequent steps. The edge margin 
width, w, is preferably less than about 3 mm and most 
preferably less than about 1mm. 

20 Referring to Figures 4 (a) through 4 (d) , one method 

for covering all but the edge margin 3 6 of the second 
surface 3 2 of the semiconductor layer 3 0 with the masking 
layer 50 includes first forming a masking layer 50 over 
the entire second surface 32 of the semiconductor layer 

25 30. (Fig. 4(a)). A protective film 60 is then deposited 
on the masking layer 50. (Fig. 4(b)). A peripheral 
portion 62 of the protective film 60 is removed to expose 
a peripheral portion 52 of the underlying masking layer 
50. (Fig. 4(c)). The exposed peripheral portion 52 of 

30 the masking layer 50 is then removed by etching with an 

etchant that preferentially etches the masking layer over 
the semiconductor layer. (Fig. 4(d)). The protective 
film 60 may, if desired, be removed. (Fig. 3(a)). 

The protective film 60 is an organic or inorganic 

35 film patternable by lithographic or mechanical means. 

Resins and polymers are suitable. Photo-resist or non — 
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photo-resist films may be employed, depending on the 
manner in which the peripheral portion 62 of the 
protective film 60 is to be removed during subsequent 
steps. The protective film 60 is deposited by spinning 
5 it on to the masking layer 50, preferably to a thickness 
ranging from about 1 /im to about 3 /xm. 

The peripheral portion 62 of the protective film 60 
being removed is that portion which overlies the edge 
margin 36 of the second surface 32 of the semiconductor 

10 layer 30. The peripheral portion 62 is removed by 

lithographic or mechanical methods known in the art. 
Lithographic methods may be used to accurately and 
reproducibly remove photo- resist films, but are 
relatively expensive. Mechanical methods, such as 

15 polishing, are less expensive and may be carried out 

using edge grinders or edge polishing tools known in the 
art. If the peripheral portion 62 is removed by 
mechanical means, the underlying masking layer 50 is 
preferably a hard material relative to the protective 

20 film 60, such as silicon dioxide. 

The exposed underlying peripheral portion 52 of the 
masking layer 50 is removed by etching. The etchant 
should preferentially etch the masking layer 50 over the 
semiconductor layer 30 with an etch rate ratio of about 

25 100:1. The ratio of etch rates of the masking layer 50 

to semiconductor layer 30 is more preferably greater than 
about 1,000:1. In a preferred embodiment, in which the 
underlying semiconductor layer 30 is silicon, a silicon 
dioxide masking layer 50 may be etched using hydrofluoric 

3 0 acid (HF) , preferably with a buffering agent such as 

ammonium fluoride. Although the concentration of etchant 
is not critical, an aqueous solution having a molar 
concentration of HF ranging from about 5% to about 10% 
will satisfactorily etch the silicon dioxide masking 

35 layer 50 at ambient temperatures within a few minutes, 
without substantially etching the urid^fT.ying""silicon 
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semiconductor layer 30. A silicon nitride masking layer 
50 may be etched using phosphoric acid (H 3 POJ . Although 
not critical, an aqueous solution having an 85% molar 
concentration of H 3 P0 4 will satisfactorily etch the 
5 silicon nitride masking layer 50 at about 150 °C within 
about 5 minutes, without substantially etching the 
silicon semiconductor layer 30. Dry etching techniques 
known in the art could also be used to etch both silicon 
dioxide and silicon nitride preferentially over silicon. 

10 After etching the exposed peripheral portion 52 of 

the masking layer 50, the remainder of the protective 
film 60 may be removed. Methods known in the art, 
including stripping by oxidizing with sulfuric acid, 
dissolving in solvent, ashing or grinding can be used to 

15 completely remove the protective film 60 from the masking 
layer 50. 

An alternative method for covering all but the edge 
margin 36 of the second surface 32 of the semiconductor 
layer 30 with the masking layer 50 includes, as shown in 

20 Figures 5(a) and 5(b), covering the edge margin 36 with 
an annular blocking ring 70, (Fig. 5(a)), forming a 
masking layer 50 on the uncovered area of the second 
surface 32 (Fig. 5(b)) and removing the blocking ring 70. 
(Fig. 3(a)). The annular blocking ring 70 may be of any 

25 material which is compatible with the subsequent 

formation of the masking layer 50 on the uncovered areas 
of the semiconductor layer 30, including, for example, 
glass, ceramic, quartz, semiconductors such as silicon 
and metals. The blocking ring 70 is set onto the surface 

30 32 to cover the edge margin 36. The blocking ring 70 is 
preferably held in place by gravity, but may also be 
clamped in place. The masking layer 50 may be formed on 
the uncovered area of the semiconductor layer surface 3 2 
by any of the methods previously discussed, except that 

35 thermal growth is a less preferred technique. The 
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blocking ring 70 is removed by lifting it off of the 
surface 32. Other methods employing a similar approach 
are also envisioned. 

Regardless of the method by which the masking layer 
5 50 covers all of the second surface 32 except for the 

edge margin 36, the semiconductor layer 30 is then etched 
to remove the uncovered portion of the semiconductor 
layer 30 without substantially etching the masking layer 
50, as shown in Figure 3(c). The et chant should 

10 preferentially etch the semiconductor layer 30 over the 
masking layer 50 with an etch rate ratio greater than 
about 100:1. The ratio of etch rates of the 
semiconductor layer 3 0 to the masking layer 50 is more 
preferably greater than about 1,000:1. The etchant 

15 should etch selectively, but without orientation 
dependency. 

In a preferred embodiment, in which a silicon 
dioxide masking layer 50 covers a silicon semiconductor 
layer 30, a suitable etchant is a solution comprising 

20 ethylenediamine , pyrocathecol and water. The silicon 
semiconductor layer 3 0 is etched in such a 
ethylenediamine-pyrocathecol -water solution at standard 
molar concentrations and at a temperature of about 150 °C 
for a period ranging from about 1/2 minute to a few 

25 minutes. Other suitable etchants include potassium 

hydroxide (KOH) or ammonium hydroxide (NH 4 OH) solutions 
having a molar concentration of hydroxyl ion of about 0.4 
M at a temperature of about 180 °C for a period of about 
5 minutes. Other etchants, such as hydrazine, 

30 ethanolamine-pyrazinamide-gallic acid-water solution, are 
also known in the art for preferentially etching silicon 
over silicon dioxide. Dry etching methods known in the 
art may be employed as well. These same etchants are 
suitable when silicon nitride is used as the masking 

3 5 layer 50. 



OCID: <WO 9727621 A 1_l_> 



WO 97/27621 PCT/US97/00991 



19 

The semiconductor layer 3 0 is preferably etched 
without substantially etching the insulating layer 20. 
The etchants discussed above with respect to 
preferentially etching the semiconductor layer 30 over 
5 silicon dioxide or silicon nitride masking layers 50 are 
equally suitable for etching the semiconductor layer 30 
over silicon dioxide or silicon nitride insulating layers 
20. If the insulating layer 20 is not the same material 
as the masking layer 50, then the etchant would have to 

10 preferentially etch the semiconductor layer 30 over both 
the masking layer 50 and the insulating layer 20. 

After etching the trimmed semiconductor layer 30 has 
a new peripheral side 37 contained within the peripheral 
side 14 of the substrate layer 10, and the second surface 

15 32 of the trimmed semiconductor layer 30 remains covered 
by the masking layer 50, as shown in Fig. 3(c) . The 
masking layer 50 may be removed, if desired, by 
mechanical methods or by etching to expose the second 
surface 32 of the semiconductor layer 30. (Fig. 3(d)). 

2 0 Preferably, the masking layer 50 is removed by 

preferentially etching the masking layer 50 over the 
semiconductor layer 30. When the second surface 32 of 
the semiconductor layer 30 has a specular gloss finish, 
the etchant should not roughen the surface 32 of the 

25 semiconductor layer. Appropriate etchants, such as HF, 
and etching conditions are discussed above. If the 
masking layer 50 is the same material as the insulating 
layer 20 (e.g. silicon dioxide), exposed portions of the 
insulating layer 20 should be masked to prevent being 

30 etched when the masking layer 50 is etched. If desired, 
however, exposed portions of the insulating layer could 
be removed by etching at the same time that the masking 
layer is etched. 

If the semiconductor-on- insulator wafer 2 comprises 

3 5 intermediate layers 40, 42, the semiconductor layer 3 0 

may be etched without substantially removing these 
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intermediate layers. Alternatively, the intermediate 
layers 40 , 42 may also be etched to remove a peripheral 
portion thereof underlying the portion of the 
semiconductor layer removed. 
5 The substrate layer 10 is preferably unaffected by 

any of the process steps discussed above. The substrate 
layer 10 is not abraded, etched or otherwise altered in 
thickness or in edge profile. Appropriate steps known to 
those skilled in the art, such as masking any portions of 

10 the substrate layer 10 potentially exposed to more than 
substantial etching, should be employed. The thickness 
and edge profile of the substrate layer 10 should be 
maintained to ensure compatibility with handling 
equipment and lithographic tooling and to preclude damage 

15 propagation and particle shedding during subsequent 
processing steps. 

After edge-trimming and removal of the masking layer 
50, the second surface 32 of the semiconductor layer may 
be touch-polished or otherwise finished to achieve a 

20 desired surface finish. Regardless of the finishing 
means, the thickness of the edge- trimmed semiconductor 
layer is preferably reduced by less than about 1 /xm. 

Semiconductor - on - insulator wafers manufactured by 
the method described above have several important 

25 characteristics. As shown in Figs. 3(d) and 3(e), the 
insulating layer 20 includes a peripheral portion 26 
lying outside the peripheral side 3 7 of the semiconductor 
layer 30. The peripheral portion 26 of the insulating 
layer 20 protects the semiconductor layer 3 0 from being 

3 0 undercut during subsequent device fabrication steps in 
which the insulating layer 20 could be etched out from 
under the semiconductor layer 30. As shown in Fig. 6(a), 
the insulating layer 20 need not extend to the peripheral 
side 14 of the substrate layer 10. Figs. 6(b) -6(d) show 

35 further variations in which the semiconductor-on- 

insulator wafer 2 could also include an insulating layer 
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20 covering the entire first surface 11 of the substrate 
layer 10 (Fig. 6(b)), covering the peripheral side 14 of 
the substrate layer 10 (Fig. 6(c)) or covering the 
entirety of the substrate layer 10 (Fig. 6(d)). The 
5 insulating layer 20 overlying these surfaces is 

preferably formed before the semiconductor-on-insulator 
wafer 2 is trimmed according the process of the present 
invention . 

Moreover, when the second surface 3 2 of the 

10 semiconductor layer 3 0 is, as described above, polished 
or etched prior to edge trimming, the tapering, beveling 
and/or rounding effects associated with prior art edge- 
trimming methods are eliminated. Referring to Figs. 7 
through 10, the semiconductor-on- insulator wafers trimmed 

15 according to the present invention have a sharp-edged 
semiconductor layer 30. The first and second surfaces 
31, 3 2 of the semiconductor layer 30 have first and 
second peripheral edges, 38, 39 respectively, which are 
coplanar with their respective surfaces 31, 32. As shown 

20 in Figures 8(a) through 8(c), the edge profile or contour 
of the peripheral side 37 is not critical. The edge 
profile may be generally convex, straight or concave and 
may be irregular or smooth. 

The sharp-edged semiconductor layer 3 0 is 

25 characterized by the difference in the length of radii on 
the first and second surfaces 31, 32. As shown in Figure 
9 (a) , the distance from the center of the second surface 
32 to the second peripheral edge 39 defines a radius, r 2 , 
which overlies a corresponding radius, r 1# on the first 

30 surface 31 of the semiconductor layer 30, defined by the 
distance from the center of the first surface 31 to the 
first peripheral edge 38. The difference in radii, t 1 - 
r 2 , referred to in the figures as Ar, is preferably less 
than about ten times the mean thickness of the 
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semiconductor layer 30, more preferably less than about 
two times the mean thickness of the semiconductor layer 
30, and most preferably about equal to or less than the 
mean thickness of the semiconductor layer 30. 
5 This sharp-edged feature may also be characterized 

in terms of the thickness of the semiconductor layer at a 
characterizing radius, r c , relative to the mean thickness 
of the semiconductor layer. As shown in Figure 9(b), the 
characterizing radius, r c is defined as the radius r x of 

10 the first surface 31 less a distance x, r a - x, where x 
is preferably about ten times the mean thickness of the 
semiconductor layer 30, more preferably about two times 
the mean thickness of the semiconductor layer 30, and 
most preferably about equal to or less than the mean 

15 thickness of the semiconductor layer 30. The thickness 
of the semiconductor layer 3 0 measured at its 
characterizing radius, r c/ is about equal to the mean 
thickness of the semiconductor layer 30. Although the 
sharp-edged semiconductor-on- insulator wafer of the 

20 present invention has been characterized in terms of 

radii, analogous characterizations are applicable for 
non-circular wafers. 

In the bonded semiconductor-on- insulator wafer 
embodiment in which the silicon dioxide insulating layer 

2 5 20 is formed over the second surface 12 of the substrate 

layer 10 and the first surface 31 of the semiconductor 
layer 30 is bonded to the second surface 22 of the 
insulating layer, the bond integrity is consistent 
throughout the bonded area. The entire first surface 31 

3 0 is generally uniformly bonded to the second surface 22 

and the bond formed therebetween is characterized by a 
lack of peripheral lamination defects. 

In light of the detailed description of the 
invention, it can be appreciated that the several objects 
35 of the invention are achieved. The explanations and 

illustrations presented "herein are intended to acquaint 
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others skilled in the art with the invention, its 
principles, and its practical application. Those skilled 
in the art may adapt and apply the invention in its 
numerous forms, as may be best suited to the requirements 
5 of a particular use. Accordingly, the specific 

embodiments of the present invention as set forth are not 
intended as being exhaustive or limiting of the 
invention . 
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24 
CLAIMS 

WHAT IS CLAIMED IS: 

1. A process for trimming the peripheral edge of a 
semiconductor-on- insulator wafer having, in succession, a 
substrate layer, an insulating layer and a semiconductor 
layer, the semiconductor layer having a first surface 
5 adjacent the insulating layer and a second surface 

parallel to and opposing the first surface, the process 
comprising 

forming a masking layer on the second surface of the 
semiconductor layer, the second surface of the 
10 semiconductor layer having a RMS surface roughness of 
less than about 1 fxm per an area of about 625 firn 2 , the 
masking layer covering all of the second surface except 
for an edge margin thereof, and 

etching the semiconductor layer to remove the 
15 uncovered portion of the semiconductor layer without 
substantially etching the masking layer. 

2* The process as set forth in claim 1 further 
comprising 

after etching, removing the masking layer from the 
second surface of the semiconductor layer and 
5 after removing the masking layer, reducing the 

thickness of the semiconductor layer by less than about 1 
fxm. 

3 . The process as set forth in claim 1 wherein the 
thickness of the semiconductor layer, prior to forming a 
masking layer thereover, is less than about 50 jim. 

4 . The process as set forth in claim 1 wherein, 
prior to forming the masking layer thereover, the second 
surface of the semiconductor layer has a specular gloss 
finish. 
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5. The process as set forth in claim 1 wherein the 
masking layer is preferentially etchable over the 
semiconductor layer by a factor of at least about 100. 

6. The process as set forth in claim 1 wherein the 
masking layer comprises silicon dioxide or silicon 
nitride. 

7. The process as set forth in claim 1 wherein the 
step of forming a masking layer on the second surface of 
the semiconductor layer comprises 

forming a masking layer over the entire second 
surface of the semiconductor layer, 

depositing a protective film on the masking layer, 
removing a peripheral portion of the protective film 
to expose a peripheral portion of the underlying masking 
layer, the exposed peripheral portion including the area 
of the masking layer which overlies an edge margin of the 
semiconductor layer, and 

etching the exposed peripheral portion of the 
masking layer with an etchant which preferentially etches 
the masking layer over the semiconductor layer to remove 
the peripheral portion of the masking layer and thereby 
expose the edge margin of the semiconductor layer. 

8. The process as set forth in claim 1 wherein the 
semiconductor-on- insulator wafer has at least one 
intermediate layer between the insulating layer and the 
semiconductor layer, the first surface of the 

5 semiconductor layer being adjacent the intermediate 
layer . 

9 . A process for trimming the peripheral edge of a 
semiconductor-on- insulator wafer having, in succession, a 
substrate layer, an insulating layer and a semiconductor 
layer, the semiconductor layer having a first surface 



10 
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5 adjacent the insulating layer and a second surface 

parallel to and opposing the first surface, the process 
comprising 

forming a masking layer on the second surface of the 
semiconductor layer, the masking layer covering all of 
10 the second surface except for an edge margin thereof, and 

etching the semiconductor layer to remove the 
uncovered portion of the semiconductor layer without 
substantially etching the masking layer, 

after etching, removing the masking layer from the 
15 second surface of the semiconductor layer and 

after removing the masking layer, reducing the 
thickness of the semiconductor layer by about or less 
than about 1 pm. 

10. The process as set forth in claim 9 wherein 
before the masking layer is formed on the semiconductor 
layer, the semiconductor layer has a thickness of less 
than about 50 /xm. 

11. The process as set forth in claim 9 wherein 
before the masking layer is formed on the semiconductor 
layer, the maximum total thickness variation of the 
semiconductor layer is less than about 1 /inu 

12 . A process for trimming the peripheral edge of a 
semi cond ^^;or-on-i nsul at or wafer having, in succession, a 
substrate layer, an insulating layer and a semiconductor 
layer, the semiconductor layer having a first surface 
adjacent the insulating layer, a second surface parallel 
to and opposing the first surface and an edge margin, the 
process comprising 

forming a masking layer over the entire second 
surface of the semiconductor layer, 

depositing a protective film over the masking layer, 
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removing a peripheral portion of the protective film 
to expose a peripheral portion of the underlying masking 
layer, the exposed peripheral portion including the area 
of the masking layer which overlies the edge margin of 
15 the semiconductor layer, 

etching the exposed peripheral portion of the 
masking layer with an etchant which preferentially etches 
the masking layer over the semiconductor layer to remove 
the peripheral portion of the masking layer and thereby 
20 expose the edge margin of the semiconductor layer, and 
etching the semiconductor layer to remove the 
uncovered portion of the semiconductor layer without 
substantially etching the masking layer. 



13 . A process for trimming the peripheral edge of a 
semiconductor-on- insulator wafer having, in succession, a 
substrate layer, an insulating layer and a semiconductor 
layer, the semiconductor layer having a first surface 
5 adjacent the insulating layer, a second surface parallel 
to and opposing the first surface and an edge margin, the 
process comprising 

forming a masking layer over the entire second 
surface of the semiconductor layer, the semiconductor 
10 layer having a thickness of less than about 50 /zm and the 
second surface of the semiconductor layer having a RMS 
surface roughness of less than about 1 /im per an area of 
about 625 /xm 2 , 4 .. , 

depositing a protective film over the masking layer, 
!5 removing a peripheral portion of the protective film 

to expose a peripheral portion of the underlying masking 
layer, the exposed peripheral portion including the area 
of the masking layer which overlies the edge margin of 
the semiconductor layer, 
20 etching the exposed peripheral portion of the 

masking layer with an etchant which preferentially etches 
- the masking layer over the semiconductor layer to "remove 
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the peripheral portion of the masking layer and thereby 
expose the edge margin of the semiconductor layer, 

2 5 etching the semiconductor layer to remove the 

uncovered portion of the semiconductor layer without 
substantially etching the masking layer, 

after etching the semiconductor layer, removing the 
masking layer from the second surface of the 

3 0 semiconductor layer and 

after removing the masking layer, reducing the 
thickness of the semiconductor layer by less than about 1 
jxm. 

14. A semiconductor-on- insulator wafer comprising 
a substrate layer having a first surface and a 

second surface parallel to and opposing the first 
surface, 

5 an insulating layer having a first surface adjacent 

the second surface of the substrate layer and a second 
surface parallel to and opposing the first surface, and 

a semiconductor layer having a first surface 
adjacent the second surface of the insulating layer, a 

10 second surface parallel to and opposing the first surface 
and a mean thickness, the second surface of the 
semiconductor layer having a radius, r 2 , overlying a 
corresponding radius on the first surface of the 
semiconductor layer, r lf 

15 the di^I-rence in radii, r 1 - r 2# being less than 

about ten times the mean thickness of the semiconductor 
layer. 

15. The semiconductor-on- insulator wafer of claim 
14 wherein the entire first surface of the semiconductor 
layer is generally uniformly bonded to the second surface 
of the insulating layer, the bond formed between the 

5 semiconductor layer and the insulating layer being 

characterized by a lack of peripheral lamination defects. 
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16. The semiconductor-on- insulator wafer of claim 
14 wherein the mean thickness of the semiconductor layer 
ranges from about 10 nm to about 50 /im with a thickness 
variation of less than about 15% of the mean thickness. 

17. The semiconductor-on- insulator wafer of claim 
14 wherein the semiconductor layer has a characterizing 
radius, r c , the characterizing radius being equal to r y 
less a distance of about . ten times the mean thickness of 

5 the semiconductor layer, the thickness of the 

semiconductor layer measured at its characterizing 
radius, r c , being about equal to the mean thickness of the 
semiconductor layer . 

18. The semiconductor-on- insulator wafer of claim 
14 wherein the semiconductor layer has a peripheral side 
and the insulating layer includes a peripheral portion 
lying outside the peripheral side of the semiconductor 

5 layer. 

19. The semiconductor-on-insulator wafer of claim 
14 wherein the insulating layer is an insulating layer 
formed over the entirety of the substrate layer. 

20. The semiconductor-on- insulator wafer of claim 
14 further comprising one or more intermediate layers 
between the second surface of the insulat^i^g layer and 
the semiconductor layer, the first surface of the 

5 semiconductor layer being adjacent the intermediate 
layer. 

21. A semiconductor-on- insulator wafer comprising 
a substrate layer having a first surface and a 

second surface parallel to and opposing the first 
surface, 
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5 an insulating layer having a first surface adjacent 

the second surface of the substrate layer and a second 
surface parallel to and opposing the first surface, and 

a semiconductor layer having a first surface 
adjacent the second surface of the insulating layer, a 
10 second surface parallel to and opposing the first surface 
and a mean thickness, the first surface of the 
semiconductor layer having a radius, r 1 and a 
characterizing radius, r c , the characterizing radius being 
equal to r A less a distance of about ten times the mean 
15 thickness of the semiconductor layer, 

the thickness of the semiconductor layer measured at 
its characterizing radius, r c/ being about equal to the 
mean thickness of the semiconductor layer. 

22. A semiconductor-on- insulator wafer comprising 
a substrate layer having a first surface and a 

second surface parallel to and opposing the first 

surface, 

5 an insulating layer having a first surface adjacent 

the second surface of the substrate layer and a second 
surface parallel to and opposing the first surface, and 

a semiconductor layer having a first surface 
adjacent the second surface of the insulating layer, a 

10 second surface parallel to and opposing the first 

surface, and a mean thickness ranging from about 100 A to 
about 50 fim wit** a maximum total thickness variation of 
less than about 15% of the mean thickness, the second 
surface of the semiconductor layer having a radius, r 2 , 

15 overlying a corresponding radius on the first surface of 

the semiconductor layer, r 1# the first surface also having 
a characterizing radius, r c , defined as r 2 less a distance 
of about ten times the mean thickness of the 
semiconductor layer , 
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20 the difference in radii, r y - r 2 , being less than 

about ten times the mean thickness of the semiconductor 
layer, 

the thickness of the semiconductor layer measured at 
its characterizing radius, r c , being about equal to the 
25 mean thickness of the semiconductor layer, and 

the entire first surface of the semiconductor layer 
being generally uniformly bonded to the second surface of 
the insulating layer, the bond formed between the 
semiconductor layer and the insulating layer being 
30 characterized by a lack of peripheral lamination defects. 
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